The prognosis of patients with renal cell carcinoma (RCC) is poor. A full understanding of the molecular genetics and signaling pathways involved in renal cancer development and in the metastatic process is of central importance for developing innovative and novel treatment options. In this study, BD Atlas Human Cancer 1.2 cDNA microarrays were used to identify genes involved in renal tumorigenesis. By analyzing gene expression patterns of four clear cell RCC (cRCC) cell lines and normal renal tissue, 25 genes were found differentially expressed. To determine the relevance of these genes, RNA in situ hybridization was performed on a tissue microarray generated from 61 snap-frozen primary renal cell carcinomas and 12 normal renal cortex biopsies. B-cell translocation gene 2 (BTG2), a negative cell cycle regulator, which was expressed in normal renal tissue but down-regulated in cRCC cell lines and primary cRCCs, was selected for additional experiments. Quantitative BTG2 mRNA expression analysis in 42 primary cRCCs and 18 normal renal cortex biopsies revealed up to 44-fold reduced expression in the tumor tissues. Decrease of BTG2 expression was not associated with tumor stage, grade, and survival. Cell culture experiments demonstrated that BTG2 expression was weakly inducible by the phorbolester 12-O-tetradecanoylphorbol-13-acetate in one of four cRCC cell lines. In contrast, increasing cell density led to elevated BTG2 mRNA expression in three of four cRCC cell lines. In both experiments, BTG2 mRNA levels did not reach values observed in normal renal tissue. These data suggest that down-regulation of BTG2 is an important step in renal cancer development.
INTRODUCTION
Renal cell cancer (RCC) accounts for ϳ2% of all human cancers worldwide with an incidence of 189.000 and a mortality of 91,000 in the year 2000 (1) . RCC is characterized by absence of early warning signs leading to a rather high percentage of advanced, already metastatic tumors at first presentation. Additionally, 40% of nonmetastatic tumors will become metastatic during the course of disease (2) . To date, there is no known cure for metastatic RCC because those tumors are unresponsive to conventional systemic therapies (3, 4) . The 5-year survival rate of patients suffering from metastatic RCC is Ͻ10% (5) .
Histopathological tumor stage and grade are well-established prognostic markers for RCC (6) . However, the clinical behavior of RCC is variable and often unpredictable. Identification of new molecular markers would facilitate outcome predictions and improve therapeutic options. For this reason, many efforts have been made to understand the genetic background of initiation and progression of RCC. Complete or partial loss of 3p is linked to clear cell RCC (cRCC)-the most common subtype of RCC accounting for ϳ75% of all RCCs (7)-and is the most frequent alteration in this renal tumor subtype (8 -11) . The short arm of chromosome 3 harbors several potential tumor suppressor genes, including the von Hippel-Lindau gene at 3p25, the RASSF1A gene at 3p21.3, and the nonpapillary renal carcinoma-1 locus at 3p12, which all have been shown to play a role in the biology of cRCC (12) (13) (14) (15) . In contrast to loss of 3p, which is associated with initiation of cRCC (10, 11) , loss of 9p and 14q have been shown to be linked to progression of cRCC (9, 16, 17) . Additional cytogenetic alterations in cRCC are losses of 4q, 6q, 13q, and Xq and gains of 5q, 17p, and 17q (9, 11) , suggesting many still unknown genes involved in the initiation and progression of cRCC.
The development of microarray technology platforms allows rapid screening and evaluation of molecular markers and signaling pathways important in human cancer. Using cDNA microarrays, the expression levels of thousands of genes could be assessed in a limited number of samples enabling molecular classification of cancer and the identification of molecular signatures that might facilitate prediction of disease outcome and response to treatment (18 -20) . Tissue microarrays (TMAs) have been designed to analyze simultaneously new cancer-related genes in hundreds of tumors on the DNA, RNA, and protein level (21, 22) . Consequently, a combination of cDNA microarray and TMA technology is particularly suitable for rapid identification and subsequent validation of potential novel cancer markers and prognostic parameters.
In this study, we used a combination of cDNA microarray analysis and RNA in situ hybridization (RISH) on TMAs made from snapfrozen tissue specimens to identify tumor-relevant genes for cRCC. The B-cell translocation gene 2 (BTG2), coding a negative cell cycle regulator, was further analyzed in fresh frozen primary cRCCs and normal renal cortex biopsies by quantitative reverse transcription-PCR (RT-PCR). Additionally, the regulation of the BTG2 gene was studied in cRCC cell lines.
MATERIALS AND METHODS
Cell Cultures. Human cRCC cell lines Caki-1, Caki-2, 786-O, and 769-P and the human cervix carcinoma cell line HeLa were obtained from American Type Culture Collection. All cell lines were grown in Optimem (Invitrogen, San Diego, CA), which was supplemented with 10% FCS (Amimed, Basel, Switzerland) and 1% penicillin/streptomycin (Amimed).
Primary Tumors and Normal Renal Tissues. All primary renal tumors and normal renal tissues used for the TMA construction and the quantitative RT-PCR experiments were taken from our frozen tissue archives. Normal tissue samples stemmed exclusively from the renal cortex parenchyma, which predominantly consists of proximal tubules (23) . Tumor stage and histological subtype were defined according to the recommendations of the Union International Contre Cancer (24) and the recent RCC classification (7). Histological grading was done according to a three-tiered grading system (25) . H&E-stained sections were prepared from all tissue samples and were reviewed by one pathologist (H. M) to ensure the integrity of the tissue. Representative tissue areas were marked and used for TMA construction or RNA extraction, respectively.
RNA Extraction. Total RNA from cRCC cell lines, primary cRCCs, and normal renal cortex biopsies was extracted with TRIzol reagent (Invitrogen) according to the instructions of the manufacturer. DNase treatment of total RNA was done using DNase I system in combination with the RNeasy kit (Qiagen, Hilden, Germany). RNA concentrations were determined with a spectrophotometer.
cDNA Microarray Analysis. Gene expression patterns of cRCC cell lines Caki-1, Caki-2, 786-O, and 769-P and normal renal tissue (Invitrogen) were analyzed using BD Atlas Human Cancer 1.2 cDNA microarrays (BD Biosciences Clontech, Palo Alto, CA). For each experiment, 5 g of total RNA were used for single-stranded cDNA synthesis using the Atlas Pure Total RNA Labeling System (BD Biosciences Clontech) and (␣-32 P) dATP (Amersham Biosciences, Buckinghamshire, United Kingdom) as a label. Unincorporated nucleotides were removed using the QIAquick Nucleotide Removal kit (Qiagen). Prehybridization, hybridization, and washing of the cDNA microarrays were done according to standard protocols. Arrays were exposed to a highresolution screen (Packard Bioscience Company, Toronto, Ontario, Canada) for 24 h and scanned (Cyclone; Packard Bioscience Company). AtlasImage 1.01a software (BD Biosciences Clontech) was used for digital image analysis. Background-corrected signal density (sDens) values were calculated for each array spot and were normalized according to the AtlasImage sum method. Genes with aberrant expression were identified by calculating ratios between signal densities of each spot on the cell line (test) arrays and the corresponding array spot on the normal renal tissue (reference) array. Only genes showing sDens ratios Ն ϩ4 or Յ Ϫ4 in at least two renal cancer cell lines were considered as significantly differentially expressed.
TMA. A TMA was constructed from frozen tissue samples of 51 cRCCs, 4 papillary RCCs, 4 chromophobe RCCs, 2 oncocytomas, and 12 tissues from normal renal cortex. There were 32 pT1, 4 pT2, and 15 pT3 cRCCs. Twelve cRCCs were grade 1, 32 grade 2, and 7 grade 3. The TMA was constructed in frozen Tissue-Tek OCT compound (Miles Laboratories, Naperville, IL) as described previously (22) . We optimized a commercialized microarray device (Beecher Instruments, Sun Prairie, WI) by using a 0.6-mm drill for recipient whole making instead of the conventional hollow needle. Fig. 1A -C shows the renal TMA generated for this study.
RISH. For RISH experiments, two to four oligonucleotides/gene were designed using the Vector NTI software package (InforMax, Inc., Frederick, MD). Specificity of the probes was confirmed using the BLAST program. 1 Each of the oligonucleotides were labeled separately with (␣-33 P) dATP (Amersham Biosciences) using terminal deoxynucleotidyltransferase (Promega, Madison, WI) following the instructions of the manufacturer. Oligonucleotide probes were pooled and unincorporated nucleotides were removed using the QIAquick Nucleotide Removal kit (Qiagen).
Air-dried TMA sections were hybridized with 2-4 ng of radiolabeled probe in hybridization mix (50% formamide, 10% dextransulfate, 2ϫ SSC) in a moist chamber at 42°C overnight. After hybridization, slides were washed in 1ϫ SSC at 55°C (4 ϫ 15 min), incubated in distilled H 2 O, 60 and 90% ethanol (30 s each), and air-dried. Slides were exposed to high-resolution screens for 48 h (Packard Bioscience Company) prior scanning.
ArrayVision software package (Imaging Research Inc., St. Catharines, Ontario, Canada) was used for image analysis. In brief, for each experiment signal density (sDens) values were obtained for all tissue spots on the TMA as well as for the background (measured between tissue spots of a given slide and averaged). The mean background sDens values were nearly identical for all slides. To safely distinguish between true positivity and background signals, only those tissue spots were considered positive for gene expression that showed sDens values Ն 2-fold mean background value.
After image analysis, slides were incubated in Hypercoat LM-1 emulsion (Amersham Biosciences) for 2-4 weeks to evaluate the hybridization specificity by direct autoradiography. After development of the emulsion, slides were counterstained with hematoxylin to facilitate microscopical reevaluation of the TMAs. Spots that lost Ͼ40% cells during the experimental process were considered to be not analyzable and were therefore excluded from additional statistical analysis.
Northern Analysis. PolyA ϩ RNA was extracted from total RNA of Caki-1, Caki-2, 786-O, and 769-P and normal renal tissue (Invitrogen) using the polyA ϩ RNA extraction kit from Qiagen. One g polyA ϩ RNA of each sample was separated by gelelectrophoresis and blotted to a Hybond-Nϩ membrane (Amersham Biosciences) following standard protocols (26) .
Single-stranded DNA probes were generated from 25 ng of BTG2 and G3PDH PCR products using 25 ng sequence-specific reverse primers for BTG2 or G3PDH, respectively, (␣-32 P) dATP (Amersham Bioscience), 0.5 mM dCTP, dGTP, and dTTP, and Klenow enzyme (Promega). QIAquick Nucleotide Removal kit was applied to remove unincorporated nucleotides (Qiagen). Prehybridization, hybridization, and washing of the blot were done according to conventional protocols (26) . The Northern was exposed to a high-resolution screen (Packard Bioscience Company) before scanning.
Quantitative RT-PCR. PCR standard curves for BTG2 and the reference G3PDH were generated to allow quantification of the copy numbers of both genes. Serial dilutions of BTG2 and G3PDH in vitro generated transcripts 1 Internet address: http://www.ncbi.nlm.nih.gov. Two l of each dilution were reverse transcribed using 50 ng of random hexamers (Invitrogen), 1 mM of each deoxynucleotide triphosphate, 5 mM MgCl 2 , 1.5 mM Tris-HCl (pH 8.0), 500 mM KCl, 100 units of Moloney murine leukemia virus reverse transcriptase (Invitrogen), and 20 units of RNAsin (Roche) in a total volume of 19.5 l for 10 min at 25°C and 60 min at 37°C. After heat inactivation of the enzymes, the remaining RNA was treated with 0.5 l (1 unit) RNase H (Invitrogen) at 37°C for 20 min.
Five l of a 1:2.5 dilution of each first strand product was amplified using 2 l of LightCycler-FastStart DNA Master SYBR Green I (Roche), BTG2 (forward: 5Ј-ctcacctgcaagaaccaagtg-3Ј; reverse: 5Ј-agttccccaggttgaggtatgt-3Ј) and G3PDH (forward: 5Ј-gaaatcccatcaccatcttcc-3Ј; reverse: 5Ј-cagagatgatgacccttttgg-3Ј) primer pairs at a final concentration of 1 M each and MgCl 2 at a final concentration of 2 mM for BTG2 and 3 mM for G3PDH. PCR was performed in a total volume of 20 l for 10 min at 95°C and 40 cycles with 15 s at 95°C, 10 s at 58°C and 7 s at 72°C. PCR efficiencies were calculated from the standard curves (Fig. 3, A and B) . Melting curve analysis (LightCycler software package) was applied to ensure the specificity of the PCR reaction (Fig. 3C) .
BTG2 and G3PDH copy numbers were evaluated in 42 primary cRCCs and 18 randomly selected not matching normal renal cortex biopsies. There were 20 pT1, 7 pT2, and 15 pT3 cRCCs. Eight cRCCs were grade 1, 28 grade 2, and 6 grade 3. One g of total RNA from each sample was reverse transcribed prior quantitative PCR on the LightCycler exactly following the protocols described for the preparation of the standard curves. BTG2 copy numbers were normalized to G3PDH copy numbers to correct for differences in the RNA quality and quantity.
Induction of BTG2 Expression by 12-O-Tetradecanoylphorbolester-13-Acetate (TPA). Caki-1, Caki-2, 786-O, 769-P, and HeLa (positive control) were plated at 500,000 cells/25 ml culture vessel. Medium renewal was done 24 h after plating. RNA was extracted after 48 h from each cell line to determine the BTG2 and G3PDH mRNA expression level prior to treatment. The remaining cells were treated with various concentrations of TPA (25, 50, 75, or 100 ng/ml culture medium) or DMSO alone (0.1% final concentration). RNA was extracted 70 min after addition of TPA/DMSO. BTG2 and G3PDH mRNA copy numbers were determined by quantitative RT-PCR following the protocol described above.
BTG2 mRNA Expression and Cell Density. Caki-1, Caki-2, 786-O, and 769-P were plated at 100,000, 200,000, and 500,000 cells/well in 6-well plates. Medium renewal was done 24 h after plating. RNA was extracted after 48 h to determine BTG2 and G3PDH mRNA copy numbers by quantitative RT-PCR as described above.
Statistics. In RISH experiments, analyzable (Ͼ60% representative cells) tissue spots showing sDens values Ն 2-fold mean background sDens value were considered positive for gene expression, whereas the remaining evaluable tissue spots were considered negative for gene expression. Results obtained by RISH were than evaluated in two ways. In a first approach, contingency table  ( 2 ) analysis was used to search for differences in the expression frequency of a given gene. For this purpose, the percentage of spots positive for gene expression was compared between normal renal tissue and cRCC and also within the subset of cRCCs. In a second approach, average sDens values were calculated from gene expression positive spots to obtain the mean expression level of a given gene. Those expression levels were than compared between normal renal tissue and cRCC and also within the subset of cRCCs using ANOVA analysis.
Data obtained by quantitative RT-PCR were evaluated by (a) ANOVA analysis to search for differences in the BTG2 mRNA expression between normal renal tissue and primary cRCC and within the subset of cRCCs and (b) Kaplan Meyer analysis to search for associations between the BTG2 mRNA expression and patient survival.
RESULTS
cDNA Microarray Analysis. Of 1176 genes localized on the cDNA microarray used in this study, the expression patterns of 231 (19.6%) were analyzable. Thirteen genes showed reduced expression levels, whereas 12 were stronger expressed in at least two renal cancer cell lines compared with normal renal tissue. Those 25 differentially expressed genes are listed in Table 1 . As an example, BTG2 showed reduced expression in all four cRCC cell lines (Fig. 2, A and B) .
RISH. Twenty-five genes, displaying altered mRNA expression levels on the cDNA microarray, were further examined by RISH on a TMA generated from frozen renal tumors and normal renal cortex biopsies. Nineteen genes had detectable mRNA expression levels on the TMA (Table 2) .
In a first step, expression frequencies of each gene were compared between normal renal tissues and cRCCs. BTG2, CHES1, GAS6, and LITAF were significantly more frequently expressed in normal renal tissue than in cRCC ( Table 2 , Fig. 2C ). In a second step, we searched for associations between the expression frequencies of the analyzable 19 genes and tumor stage and grade in the subset of cRCCs. There was an association between expression frequency and tumor stage for BTG2 and CD9. Both genes were detectable in pT1/pT2 (BTG2: 4 of 24, 17%; CD9: 6 of 20, 30%) but not in pT3 tumors (BTG2: 0 of 11; CD9: 0 of 9). There was an association between expression frequency and tumor grade for TIMP3, which was significantly less frequent expressed in grade 3 (1 of 5; 20%) than in grade 2 (17 of 23; 74%) and grade 1 cRCC (7 of 8; 88%; P ϭ 0.03).
We also searched for differences in the expression levels between normal renal tissue and cRCC and also within the subset of cRCCs for all 19 analyzable genes. VIM was significantly stronger expressed in cRCC than in normal renal tissue (P ϭ 0.04). CD74 was significantly higher expressed in pT3 cRCC than in pT1/2 cRCC (P ϭ 0.03).
Northern Blot. Northern analysis was performed to verify the results of the cDNA microarray experiment in an independent approach. The 2.7-kb mRNA of BTG2 was expressed in normal renal tissue but not in renal cancer cell lines, confirming the results from our cDNA microarray experiment (Fig. 2D) .
Quantitative RT-PCR. mRNA expression levels of BTG2 in frozen primary cRCCs and normal renal cortex biopsies were assessed by quantitative RT-PCR using the LightCycler system (Fig. 3A-C) .
Compared with the mean normalized BTG2 mRNA copy number of normal renal tissue, cRCC showed an average of a 6.7-fold (1.6 -44-fold) reduced expression (P Ͻ 0.0001; Fig. 3D ) However, there was no significant correlation between BTG2 expression and tumor stage, grade, or other clinical parameters in primary cRCC.
Induction of BTG2 mRNA Expression by TPA. Because TPA is a potent inductor for BTG2 expression in different cell lines, including HeLa (27, 28) , we studied the inducibility of BTG2 expression in cRCC cell lines by TPA. All four cRCC cell lines and the cervix carcinoma cell line HeLa (positive control) were treated with various concentrations of TPA. In contrast to the BTG2 copy numbers, which were comparable with those obtained for primary cRCCs, G3PDH copy numbers were strongly increased in the cRCC cell lines but (Fig. 4) .
BTG2 Expression and Cell Density. BTG2 mRNA has been shown to be preferentially expressed in quiescent cells, whereas exponentially growing cells showed reduced BTG2 expression levels (29, 30) . This finding tempted us to study the association between cell density and BTG2 mRNA expression in renal carcinoma cell lines. Here again, BTG2 mRNA copy numbers were comparable with those detected in primary cRCCs, and G3PDH copy numbers were as obtained in the TPA induction experiment described above. Caki-2, 786-O, and 769-P cells showed a 4.4-, 1.8-, and 1.7-fold increase in BTG2 mRNA expression, respectively, in cultures with highest densities (initial cell number 500,000 cells/well) compared with cultures with lowest cell densities (initial cell number 100,000 cells/well). In contrast, Caki-1 cells showed a 1.7-fold reduced BTG2 expression in cultures with highest densities compared with cultures with lowest densities. Fig. 5 shows the correlation between cell density and BTG2 expression for all analyzed cell lines.
DISCUSSION
cDNA microarray-based expression profiling of human tumors produces large amounts of data from a limited number of tissue samples. One of the major bottlenecks in cancer research is evaluating the clinical relevance of candidate genes uncovered by cDNA microarray analysis. Our recently developed TMA technology has been designed to facilitate such studies. The use of TMAs allows analysis of genes of interest in hundreds of clinical sample (21) . It was demonstrated that TMAs are optimally suited to evaluate the clinical significance of genes identified by cDNA array experiments (31) (32) (33) (34) .
TMAs, usually made from formalin-fixed, paraffin-embedded tissue, are an excellent tool for studying protein expression by immunohistochemistry and gene aberrations by fluorescence in situ hybridization (35) (36) (37) (38) . However, these TMAs are not optimally suited for RISH studies. Processing of tissue and tissue fixation using formalin causes degradation and chemically modifies RNA, respectively (39, 40) . It was shown that TMAs generated from frozen tissue specimens (22) are a better tool for studying mRNA expression patterns of tumor relevant genes.
As the focus of biomedical research is shifting from genomics to proteomics, TMAs from frozen tissue are also likely to prove useful for mass-scale testing of antibodies that are not working on formalinfixed, paraffin embedded tissue.
The frozen TMA generated in our study, served to demonstrate the utility and feasibility of RISH on TMAs. This method is convenient for further validating RNA expression of most candidate genes iden- tified by cDNA array analysis. A minor fraction of genes was analyzable on the cDNA microarray but showed no detectable mRNA expression on the TMA. There are two explanations for the observed discrepancies: (i) Because the cDNA microarray experiments were performed with RNA extracted from cRCC cell lines, expression of some genes might be cell line specific. (ii) Because the absolute number of mRNA target sequences in a 0.6 mm diameter TMA spot is below the number of cDNA sequences present in a cDNA microarray spot some genes showing weak expression on the cDNA microarray remain undetected by RISH.
On the basis of the data obtained from the cDNA microarray and RISH experiments BTG2 was selected for further analysis. Strong BTG2 expression in normal cells but reduced or absent expression in cRCC cell lines and primary tumors suggest that BTG2 inactivation is important for cRCC development. Several lines of evidence in the literature indicate that this gene has tumor suppressive properties: (i) It was shown that BTG2 is involved in negative cell cycle regulation and differentiation (29, 41, 42) . (ii) BTG2 is also involved in DNA damage response and is one of the primary targets of p53 (29, 43) . (iii) In the normal kidney, BTG2 protein is strongly expressed in the epithelial cells of the proximal tubules from which cRCC arise (25, 44) . Unfortunately, we were not able to proof the latter finding by RISH because of the insufficient resolution of our detection system. However, since each normal kidney biopsy represented on our TMA exclusively derived from the renal cortex parenchyma we believe that the strong BTG2 mRNA expression stems from proximal tubules, which is the major component of this cortical substructure (23) .
Using quantitative RT-PCR, we confirmed the data obtained from the cDNA microarray, RISH, and Northern experiments. Compared with primary cRCC there was an average 6.7-fold stronger expression of BTG2 mRNA in normal renal tissue. BTG2 mRNA expression level was independent of tumor stage and grade suggesting that the reduction of BTG2 mRNA expression is not associated with tumor progression and might be an early event in renal tumorigenesis.
To address the possible tumor suppressive function of BTG2 in renal tumors, we studied the regulation of BTG2 mRNA expression in renal cancer. Recently, it has been shown that BTG2 is an immediate early response gene, whose transcription can be induced by the phorbolester TPA in human HeLa cells and also in a variety of rodent cell lines of different origin (27, 28) . These findings prompted us to investigate the inducibility of BTG2 expression by TPA in the cRCC cell lines Caki-1, Caki-2, 786-O, and 769-P. Among all tested cRCC cell lines, merely Caki-1 cells showed a response to TPA. However, compared with HeLa, the increase in BTG2 mRNA expression was very weak (15-fold versus 2.3-fold) suggesting that BTG2 induction is regulated by different mechanism in cervical and renal cancers.
The putative function of BTG2 as a cell cycle regulator was demonstrated recently by the observation that BTG2 expression is low in exponentially growing hepatocarcinoma, breast tumor, and normal prostate cell lines, whereas normal quiescent cells showed high BTG2 expression levels (29, 30) . Our experiments showed that BTG2 expression was positively associated with increasing cell densities in Caki-2, 786-O, and 769-P but not in Caki-1 cultures. Because Caki-1 derives from a skin metastasis of a cRCC it is tempting to speculate that the ability of BTG2 induction changes during the metastatic process.
BTG2 expression levels in the four cRCC cell lines were comparable with those of the 42 primary tumors. Interestingly, neither TPA nor high cell densities were able to raise BTG2 expression to the level observed in normal renal tissues. This finding corroborates our theory that down-regulation of BTG2 is an important mechanism involved in renal cancer development.
The mechanisms leading to reduced BTG2 expression are yet unknown. Further studies will be necessary to elucidate whether aberrations in the up-stream signaling pathways of BTG2 or methylation of the BTG2 promoter are responsible for impaired expression in cRCC.
Beside BTG2, other genes identified in our study might play an important role in renal tumor biology. For example, reduced expression was also seen for two other genes, CHES1 and LITAF, in cRCC cell lines and primary cRCC. Human CHES1, a member of the family of forkhead/winged transcription factors, is suggested to be involved in DNA damage response because this protein is able to suppress multiple yeast checkpoint mutations (45) . Reduced expression levels of CHES1 might result in genomic instability, which is one of the hallmarks of cancer. LITAF is involved in the activation of the human TNF-␣ gene (46) , which encodes for a multifunctional cytokine capable of inducing apoptosis, by binding to TNF receptor (47) .
CD74, which was down-regulated in cRCC cell lines, was expressed in primary renal tumors with expression levels similar to normal renal tissue. High expression levels were significantly associated with advanced tumor stage in primary cRCC suggesting a potential role of this gene in tumor progression. The possible oncogenic properties of CD74 in RCC would be consistent with findings from other groups because (i) CD74 is localized on chromosome 5q which is frequently gained in cRCC (9), (ii) strong and frequent CD74 protein expression in primary cRCC was recently described (48, 49) , and (iii) increased CD74 protein expression is associated with tumor progression in colon and gastric cancers (50, 51) .
In summary, the combination of cDNA microarray and TMA technologies enabled us to identify three novel renal cancer gene candidates, BTG2, CHES1, and LITAF. Inactivation of BTG2, a cell cycle regulator, suggests a potential mechanism required for renal tumorigenesis. Further studies on the identified genes will contribute to a better understanding of renal cancer biology.
